Dematiaceous fungi are increasingly reported as agents of disease in immunocompetent as well as immunocompromised persons (9, 34) . The genus Exophiala contains a number of black yeasts that are recognized pathogens of vertebrates. At least eight species have been isolated from human patients with phaeohyphomycosis, causing infections that range from superficial skin lesions to disseminated disease (6) . These fungi pose a significant challenge to physicians and laboratory personnel alike, as both appropriate therapeutic options and accurate species identification are problematic (5, 6, 7) . Exophiala species are often isolated from oligotrophic water sources, such as sinks, drainpipes, swimming pools, and bathing facilities (21, 26) . Although they have also been cultured from drinking water samples (16) , the presence of black fungi in water systems has frequently been overlooked because of their slow growth under routine conditions of water quality assessment. In a recent investigation in Germany (12) , Exophiala was found to be one of three genera that were disseminated efficiently by groundwater-derived public drinking water. During the course of a recent study to test the efficacy of a chemical waterline cleaner to reduce the bacterial load (2, 14, 24, 37) in dental unit waterlines, the authors isolated a black yeast that was subsequently identified as Exophiala mesophila (33) . The public health significance of this finding is unknown, but an awareness of its existence is essential for dental professionals and laboratory personnel alike, in view of the everincreasing numbers of immunocompromised persons who present at outpatient dental clinics. The purpose of this paper is to report on the laboratory identification of mesophilic Exophiala species and to review the morphological and physiologic features of mesophilic Exophiala species that may assist in their identification.
Details of the methods used for the dental unit waterline treatment study are described elsewhere (33) . Briefly, 10-fold serial dilutions of water samples from treatment and control dental units were plated on low-nutrient R2A agar plates (Becton Dickinson Microbiology Systems, Sparks, Md.). This is the medium recommended for use to grow common water organisms (27) . In week 9 of the study, the predominant isolates growing on R2A agar plates inoculated with water from one of the treated dental units appeared as small, dark, shiny colonies. Similar isolates were subsequently cultured from the source tap water and from other treated units. The typical appearance of these colonies on R2A agar after 7 days at 25°C can be seen in Fig. 1A .
Isolates recovered from the waterline samples (University of Texas Health Science Center at San Antonio accession number R-3282) were sent to the Fungus Testing Laboratory at the University of Texas Health Science Center at San Antonio for organism identification.
The macroscopic and microscopic morphologies of the isolates recovered were evaluated on potato flakes agar (PFA), prepared in-house (35) . Colonies on PFA were black and yeast-like initially. After 14 days of incubation at 30°C, they developed filamentous areas that were gray-black and velvety and that measured approximately 18 mm in diameter, as can be seen in Fig. 1B . Growth on PFA occurred at 25 and 30°C but not at 35 or 40°C. The isolates assimilated nitrate (medium prepared in-house [32] ) and grew on medium containing 0.4% cycloheximide (Remel, Lenexa, Kans.). Previous studies have suggested some utility for the API 20C yeast identification system for the identification of dematiaceous molds (8) . By using a modified API 20C AUX system (BioMérieux, Marcy l'Etoile, France) for yeast identification, the isolates assimilated the following substrates: glucose, glycerol, 2-keto-D-gluconate, L-arabinose, xylose, adonitol (ribitol), N-acetyl-D-glucosamine, cellobiose, maltose, sucrose, trehalose, and melezitose. Substrates not assimilated included galactose, inositol, lactose, and raffinose. Questionable readings were obtained for wells containing xylitol, sorbitol, and methyl-D-glucoside. Modifications to the standard protocol for yeast identification included calibration of the inoculum to an approximately 3.0 McFarland standard and reading of the growth in the wells after 7 days of incubation at 30°C.
Microscopically, annellides were of medium length (9 to 12 m) and tubular; conidia (2.5 by 4.8 m) were formed at the apices of the annellides ( Fig. 2A) as well as from intercalary loci on the vegetative hyphae. The black yeast synanamorph (Fig. 2B ) was a striking feature of these isolates, with yeast cells displaying prominent annellated protrusions (arrow).
As the isolates could not be definitively identified to the species level on the basis of their macroscopic and microscopic morphologies, they were further evaluated by molecular methods. For molecular analysis, DNA was extracted from a loopful of the yeast synanamorph by proteinase K digestion, followed by chloroform-phenol extraction and isopropanol precipitation. A segment of the nuclear rRNA gene that included the entire internal transcribed spacer (ITS) 1 (ITS1) region and 5.8S subunit as well as portions of the 18S subunit and the ITS2 region was amplified with primers EXO1 (5Ј-CTCAGAGCC GGAAACTTGGTC-3Ј) and EXO2 (5Ј-CCGCCGTCATTGT CTTTGG-3Ј), which were previously designed by one of the authors (A.M.G.) for amplification of Exophiala spp. The resultant products were sequenced from both the 5Ј and the 3Ј ends with a dye-labeled terminator kit (Big Dye Terminator Cycle Sequencing Ready Reaction kit; Applied Biosystems, Foster City, Calif.) and an automated sequencer (ABI Prism 377 DNA sequencer; Applied Biosystems).
Sequencing of the amplicon produced with primers EXO1 and EXO2 yielded a 593-bp segment that included the entire ITS1 spacer region as well as the 5.8S subunit. E. mesophila was identified by comparison of the ITS1 sequence to approximately 1,200 comparable sequences of dematiaceous fungi maintained for research purposes at the Centraalbureau voor Schimmelcultures (CBS), Utrecht, The Netherlands. The sequence of our strain showed 99.1% identity with that of the type strain, CBS 402.95, from a shower joint, and 99.1% identity to that of a secondary strain of the same species from a swimming pool, CBS 836.95, both isolated in Germany. Our strain was a sister species to Exophiala castellanii, with sequence similarities of 95.9 to 94.6%. Five strains of E. castellanii held in the CBS collection came from drinking water, while the origin of the former type strain, CBS 158.58, was uncertain.
Species of Exophiala may be grouped according to their optimal and/or maximum temperatures for growth. Those considered psychrophilic, such as Exophiala psychrophila (30) , have a maximum growth temperature of Ͻ25°C. The thermophilic group (species with a maximum growth temperature of 35°C or greater) includes the most common clinically significant human pathogens in the genus, such as Exophiala jeanselmei (18) , Exophiala dermatitidis (Wangiella dermatitidis) (4, 15) , Exophiala spinifera (40), E. castellanii (10), Exophiala bergeri (1), Exophiala moniliae (23), and Sarcinomyces phaeomuriformis (Exophiala phaeomuriformis [20] ; when it is yeastlike, it is morphologically indistinguishable from W. dermatitidis and is physiologically distinguishable from W. dermatitidis only by a slightly lower maximum temperature of growth [20] ). One of these species, E. jeanselmei, has recently been described as a nosocomial pathogen (28) , and E. dermatitidis was implicated in a case of catheter-associated fungemia (25) and in the contamination of injectable steroid preparations (3). Mesophilic Exophiala species (those with maximum growth temperatures of 25 to 35°C) include Exophiala pisciphila (22) , Exophiala alcalophila (11) , Exophiala angulospora (16) , Exophiala dopicola (17) , Exophiala salmonis (29) , and E. mesophila (19) . Of these, E. pisciphila is the only mesophilic species that has been described as a human pathogen (38) . It is unknown at present whether E. mesophila and other mesophilic species that lack the ability to grow at 35°C in vitro can proliferate at these temperatures in vivo. Seeliger (36) has shown that other dematiaceous genera (namely, Alternaria and Ulocladium) that fail to grow at 35°C in vitro do have the ability to invade tissue in compromised hosts. In addition, their melanized cell walls may interfere with disinfecting agents (31), thus eventually allowing bacterial growth.
Features that help to differentiate E. mesophila from other mesophilic species are displayed in Table 1 . E. mesophila differs from E. alcalophila and E. salmonis by having smaller conidia (Ͻ5 m), E. mesophila differs from E. dopicola by being dimorphic (having both a yeast synanamorph phase and a filamentous phase), and E. mesophila differs from E. pisciphila by having single-celled conidia. The key physiologic feature for this species is an optimal growth temperature between 28 and 30°C, with a maximum growth temperature of 32°C. E. mesophila is also capable of growth at pH 9.5 and fails to grow Despite these differential features, definitive identification of Exophiala species often requires molecular analyses. Although the primers used here have been successful for amplification and sequencing of the ITS1 regions of at least two different Exophiala species, they have failed to amplify DNA 
